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Abstract. We aimed at investigating the effect of a short time low load repeti-
tive task on the local muscle oxygenation kinetics in presence of delayed onset 
muscle soreness. Computer work was investigated as a model of low load repet-
itive task. Nine healthy male subjects participated in an experimental protocol 
consisting of a rest period and two blocks, each including two maximum volun-
tary contractions (MVC) of isometric bilateral shoulder elevation and a com-
puter work session with 2 or 5 min duration between the MVCs in each block. 
Then a set of unaccustomed eccentric exercise (ECC) of shoulder elevation was 
implemented to induce delayed onset muscle soreness (DOMS) in the trapezius 
muscle. Identical experimental blocks were performed immediately and 24h af-
ter ECC. Local tissue saturation index (TSI) was continuously recorded over 
upper trapezius throughout the experiment. TSI parameters such as mean TSI at 
rest, during computer work as well as TSI drop, recovery and their descending 
and ascending slopes were computed following the MVCs. TSI drop and recov-
ery and their corresponding descending and ascending slopes were reduced 
immediately after ECC (p<0.05). The computer work caused an increase in TSI 
at rest prior to the MVCs (p<0.05) and elevated oxygen consumption (p<0.05). 
The observed changes in oxygenation kinetics seemed to appear after a strenu-
ous exercise and they do not seem to be affected by the presence of DOMS. 
However, computer work as a model of low load repetitive task caused in-
creased oxygen consumption in a following bout of muscle contraction. 
Keywords: Computer work, musculoskeletal disorders, near infrared spectros-
copy. 
1 Introduction 
Musculoskeletal disorders (MSD) are a major global health problem and are known to 
be multifactorial phenomena [1]. Our understanding of mechanisms underlying de-
velopment of MSD particularly in jobs with low workload intensity with repetitive 
patterns, such as computer work is limited [2]. Repetitive low load muscular activity 
may result in alter blood supply and muscle oxidative metabolism [3]. 
Near infrared spectroscopy (NIRS) is a non-invasive technique which enables the 
investigation of muscle oxidative metabolism locally [4], and thus provides a tool to 
investigate the link between the disturbance of muscle tissue oxygenation and the 
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development of MSD. Notably, contrasting results have been reported when compar-
ing muscle oxygenation between healthy subjects and patients with MSD. In healthy 
adults, a decrease in muscle oxygenation has been reported in forearm muscles during 
isometric submaximal contractions [5] and in trapezius during a repetitive task [6] and 
load bearing [7]. In contrast, studies in MSD patients have found no changes in oxy-
genation of trapezius and wrist extensor muscles during low load repetitive tasks and 
submaximal isometric contractions [8, 9]. Such discrepancies may be due to a bias in 
patient selection, differences in experimental setup, choice of NIRS variables and 
body regions [10]. 
As an endogenous muscle pain model, delayed onset muscle soreness (DOMS) has 
been widely used to mimic clinical musculoskeletal pain [11]. Thus, investigating the 
disturbances in muscle oxygenation in presence of DOMS may improve our under-
standing of the underlying mechanism contributing to development of pain. The liter-
ature regarding the effect of DOMS on oxygenation kinetics is equivocal [12, 13]. 
Particularly, our knowledge about the effect of DOMS on the kinetics of oxygenation 
in upper extremity muscles during low load repetitive work with relatively high preci-
sion demand such as computer work is lacking. 
Prolonged duration of computer work has been suggested as a risk factor for devel-
opment of MSD in the neck and shoulder area [14]. Additionally, sustained activity of 
trapezius muscle over 4 min periods in half of a working day has been found to be 
associated with the development of neck and shoulder pain[15]. Therefore, it is inter-
esting to investigate the short time effects of computer work on muscle oxygenation 
below and above the suggested time threshold (4 min) and its interaction with the 
presence of DOMS. Due to structural damage and edema in eccentrically exercised 
muscle tissue [16], we hypothesized that DOMS would slow the kinetics of muscle 
oxygenation. Additionally, we hypothesized that the computer work over 4 min would 
intensify the effects of DOMS. 
2 Materials and methods 
2.1 Subjects 
Nine right-handed recreationally active males (24.2 (2.0) years; 181 (9) cm; Weight 
75 (6) kg), with no history of neck- and shoulder disorders, volunteered to participate 
in the study. All subjects abstained from strenuous exercise three days prior to and 
during the trials. Informed written consent was obtained from each participant, prior 
to initiating the experiment and conducted in accordance with the Declaration of Hel-
sinki. The study was approved by the local ethics committee of Northern Denmark 
Region (N-20120036). 
2.2 Experimental procedure 
The study was performed over two consecutive days. Identical procedures were 
performed at three stages, i.e., before, immediately after and 24 h after a standardized 
eccentric exercise (ECC; described below). The procedures consisted of i) 2 min in-
structed rest where the subjects sat comfortably on a chair with their hands on their 
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lap, feet on the ground, looking straight ahead, ii) a 5 sec maximum voluntary isomet-
ric contraction (MVC) of the trapezius muscle (MVC Pre), iii) either a 2 or 5 min 
standardized computer mouse work session, iv) right after step iii, step ii was repeated 
(MVC Post), v) after at least 5 min rest, steps ii, iii and iv were repeated but with a  
different duration of standardized computer work session performed in step ii ( the 
order of computer work duration was randomized across subjects but kept identical 
across the experimental stages for each subject). MVC trials were added to the proto-
col to increase the intramuscular pressure and disturb tissue perfusion such that the 
contraction-induced response of the vascular system could be investigated [17]. 
Maximum voluntary contractions. The subject gripped both sides of the seat pan 
while sitting on a comfortable chair, the elbows were fully extended, and the shoul-
ders were in neutral position. A handheld dynamometer (Vernier, HD-BTA, Beaver-
ton, OR) was placed under the subject grip to the seat pan to measure the exerted 
force during the MVC trial. Visual feedback of the exerted force and verbal encour-
agement were provided to the subjects. 
Eccentric exercise. The subjects performed the ECC for 30 min in a shoulder dyna-
mometer [18]. The exercise intensity was set to 120 % MVC measured under the 
shoulder dynamometer before the ECC trial started. The EEC consisted of 5 bouts of 
10 repetitions (3 min of continuous activity), separated by a 3 min of rest. During 
each repetition, participants had to counteract the dynamometer vertical downward 
force as much and for as long as possible along the previously defined range of shoul-
der elevation [19]. 
Computer work sessions. The computer work-station was adapted individually ac-
cording to guidelines (e.g. seat and desk height, full arm support) [20]. The task was 
composed of a cyclic mouse clicking on 6 markers to draw a graph. The time allowed 
for drawing a graph was 8 seconds and this procedure repeated with a randomly gen-
erated graph each time [19]. Before starting the preparation of the experimental setup 
and data recordings, the subject was familiarized with the experimental setup and the 
computer work. 
2.3  Data recordings 
 Sensory motor assessments. The subjects were asked to score the level of the 
perceived pain in the shoulder area on a visual analog scale (VAS) prior to all the 
three stages (i.e. before, immediately after and 24h after the ECC). VAS was con-
structed on a scale from 0 ‘no pain’ to 10 ‘worst imaginable pain’. Maximum force 
produced was measured by the handheld dynamometer during the MVC trials. The 
subjects’ performance during computer work was evaluated by multiplying the aver-
age rate of graph drawings in the allocated time (i.e., 8 s) and the ratio of correct 
clicks to total number of clicks (higher number reflecting better performance). 
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Near infrared spectroscopy. Local tissue oxygen saturation in the trapezius muscle 
was monitored using near-infrared spectroscopy (NIRS) with a continuous wave 
technique (Oxymon Mk III, Artinis Medical Systems BV, Netherlands). The NIRS 
probe setup consisted of one receiver and three transmitters placed in a row with 3.5 
cm the mean of inter-optode distances. The transmitter optode transmits NIRS beams 
at 860 nm and 765 nm which are mostly sensitive to oxy- and de- oxyhemoglobin 
(O2Hb and HHb), respectively [21]. The tissue saturation index (TSI) (%) was calcu-
lated as the ratio of O2Hb to O2Hb + HHb. The O2Hb, HHb and TSI values have 
been shown to be valid estimators of changes in tissue deoxygenation status repre-
senting regional imbalances between O2 delivery and O2 utilization in the tissue un-
der the probe [22]. 
Before initiating the trials, the NIRS apparatus was calibrated and the TSI probe 
was placed over the descending part of the trapezius muscle centered on the lateral 
third of distance between 7th cervical vertebrae and the acromion. A wax marker was 
used to ensure an identical placement of the probe across the experiment stages. The 
TSI was continuously measured in all the aforementioned experimental steps from i 
through v. Prior to mounting the NIRS measurement system, ultrasound imaging (GE, 
Logiq S7 Expert, BCF Technology) was used to obtain an estimate of subcutaneous 
fat and muscle thickness at the site of NIRS measurement. 
2.4  Data analysis 
From the TSI signal, we chose a 65 second window starting from 10 s before the 
onset of MVC trial. The choice of the window length was based on previous results 
[23] showing an approximately 30% drop in TSI with an approximately 0.5 % per 
second recovery rate in tissue oxygenation of trapezius following a 70% MVC. The 
lowest point of the TSI in this time window was determined and the signal in the win-
dow was divided into a descending and an ascending part. The descending part of the 
window was fitted to a trapezoidal shape function starting with a steady level fol-
lowed by a linear decay. A non-linear least square routine was applied to derive an 
optimal level and descending slope for the trapezoidal function [24]. A similar proce-
dure was performed to derive the level and ascending slope of the TSI signal. The 
cross-correlation coefficient (CC) between fitted trapezoidal function and the experi-
mental values was calculated and if the CC was below 0.75, that window of TSI sig-
nals was removed from the rest of the analysis (two trials from one subject and one 
trial from three subjects). The fitting quality was also visually inspected. The initial 
steady level of TSI, the amount of TSI drop and recovery from the steady levels to the 
corresponding value of TSI at the lowest point and the slope of the drop and recovery 
were calculated. TSI descending and ascending slopes would reflect the rate of oxy-
gen usage and recovery of oxygen saturation, respectively [12].  This procedure was 
performed for the MVC trial before the computer work (MVC pre) and after the com-
puter work (MVC post) during all three stages of the experiment. The mean value of 
TSI was also computed during the instructed rest and during the computer work ses-
sions. 
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2.5  Statistical analysis 
A linear mixed model (LMM) was applied to the outcome measures, i.e., VAS, ex-
erted force during the MVC trials, computer work performance, TSI level prior to the 
MVC trial, the TSI drop and recovery and their corresponding descending and as-
cending slopes and TSI mean during computer work and rest. The effect of delay 
onset muscle soreness and its interaction with the computer work on the outcomes 
were investigated and compared. Experimental stages (before, immediately after and 
24h), computer work duration (2 min 5 min, rest (only for the TSI mean)), contraction 
order (MVC pre and MVC post) were introduced as fixed factors in the LMM. Addi-
tionally, a repeated factor associated with the introduced factors was added to the 
model. When a significant effect was observed, a Bonferroni adjustment was per-
formed for a pairwise comparison. We reported an index of effect size Ω2 which indi-
cates the partial variance described by a factor with respect to the full LMM model 
[25]. In all tests, P<0.05 was considered significant. Mean values (standard deviation) 
were reported 
3  Results 
3.1  Sensory motor assessments 
Experimental stages had a significant effect on reported VAS (F2,16=9.7, p=0.002, 
Ω2=0.36), MVC force (F2,15.1=10.4, p=0.001, Ω2=0.3) and computer work perfor-
mance (F2,14.1=26.7, p<0.001, Ω2=0.21). VAS was greater 24 h after ECC compared 
with VAS before ECC. VAS increased from 0 (0) before, 1.1 (1.2) immediately after 
and 2.5 (2.2) 24 h after the ECC. For all MVC trials, the MVC force was greater 24h 
after ECC compared with the MVC immediately after ECC. Table 1 shows the ob-
tained force level in MVC trials. Computer work performance score was lowest be-
fore ECC and greatest 24 h after the ECC. The performance score increased from 1.03 
(0.18) before, 1.19 (0.14) immediately after and 1.26 (0.10) 24 h after the ECC. 
3.2  The local muscle oxygenation 
The thickness of subcutaneous fat and muscle tissue at the site of NIRS measure-
ment were 4.6 (1.9) and 20.4 (3.4) mm, respectively. The contraction order 
(F1,46.2=78.6, p<0.001, Ω2=0.19) had a significant effect on the TSI level prior to the 
MVC trials. The TSI level prior to the MVC after computer work was greater than 
TSI level prior to the MVC before computer work. Table 1 includes the mean and 
standard deviation of TSI parameters. The contraction order (F1,50.2=27.1, p<0.001, 
Ω2=0.09) and the interaction of duration × the experimental stages (F2,24.4=7.1, 
p=0.004, Ω2=0.12) had significant effects on the TSI drop. The TSI drop during the 
MVC was greater after computer work compared with before computer work. With 
the 2 min computer work, the TSI drop was lower immediately after the ECC com-
pared with the drop before and 24 h after the ECC. The experimental stages 
(F2,41.5=16.7, p<0.001, Ω2=0.15) and the contraction order (F2,45.7=4.7, p=0.03, 
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Ω2=0.01) had significant effects on the TSI recovery. The TSI recovery was lower 
immediately after the ECC compared with before and 24 h after the ECC. The recov-
ery was greater before the computer work compared with the recovery after the com-
puter work. 
Table 1. The mean and standard deviation of exerted force during maximum voluntary contrac-
tions (MVC) and derived parameters from the tissue saturation index (TSI). * and $ indicate 
significant difference between the experimental stage immediately after the eccentric exercise 
(ECC) on the one hand and the experimental stage before and 24 h after the ECC, respectively. 
# shows a significant difference between the experimental stage immediately after and 24 h 
after the ECC. 
 Experimental stages 
 Before Immediately after 24 h after 
Outcomes Pre Post Pre Post Pre Post 
MVC force (N) 
484 
(168) 
475 
(163) 
441 
(142) 
443 
(154) 
510 
(154) # 
521 
(147) # 
TSI level prior the MVC 
(%) 
61.9 
(8.2) 
66.8 
(8.9) 
62.5 
(11.3) 
66.2 
(10.3) 
59.5 
(7.0) 
64.9 
(5.9) 
TSI drop (%) 
23.7 
(16.2) 
24.5 
(14.1) 
17.1 
(11.9) 
22.5 
(12.0) 
23.3 
(15.5) 
25.0 
(15.9) 
TSI recovery (%) 
21.6 
(15.2) 
17.5 
(12.1) 
13.3 
(10.6) *$ 
12.6 
(9.8) *$ 
21.1 
(15.3) 
18.9 
(14.7) 
Descending slope (%/s) 
3.3 
(3.0) 
3.2 
(2.6) 
2.5 
(2.5) *$ 
2.8 
(2.3) *$ 
3.3 
(2.6) 
3.8 
(2.9) 
Ascending slope (%/s) 
1.8 
(1.8) 
1.8 
(1.9) 
1.5 
(1.5) $ 
1.7 
(1.8) $ 
2.2 
(1.5) 
1.9 
(1.3) 
 The experimental stages (F2,33.9=9.7, p<0.001, Ω2=0.05) and the contraction order 
(F1,52.8=6.7, p=0.01, Ω2=0.01) had significant effects on the descending slope of TSI. 
The descending slope was smaller immediately after the ECC compared with before 
and 24 h after the ECC.  The descending slope after the computer work was greater 
than the descending slope prior to the computer work. The experimental stages 
(F2,21.6=7.5, p=0.003, Ω2=0.02) had a significant effect on the ascending slope of TSI. 
The ascending slope was smaller immediately after the ECC compared with 24 h after 
the ECC. TSI mean during computer work did not change significantly compared to 
the rest period. Table 2 shows the mean and standard deviation of TSI mean during 
the computer work sessions. 
Table 2. The mean and standard deviation of the tissue saturation index (TSI) across subjects 
during the computer work sessions. 
 Experimental stages 
TSI mean (%) Before Immediately after  24 h after 
7 
Rest 60.6 (6.7) 65.7 (11.5) 60.9 (8.3) 
2 min 65.9 (7.9) 67.5 (9.8) 64.5 (5.7) 
5 min 65.7 (11.5) 65.3 (9.5) 63.5 (6.0) 
4  Discussion 
The TSI drop and recovery and their corresponding descending and ascending 
slopes were reduced immediately after ECC. The reduced drop in TSI may partly be a 
consequence of a decrease in the exerted force during the MVC trials, while slower 
recovery of TSI suggests impaired re-oxygenation of the muscle tissue following 
ECC. The computer work caused an increase in TSI level prior to the MVC, most 
likely due to exercise induced hyperemia. The computer work also elevated oxygen 
consumption, reflected by the greater drop in TSI after computer work compared with 
the drop before computer work. The duration of computer work did not result in sig-
nificant different TSI responses during and after the MVC, except that TSI drop was 
lower immediately after the ECC compared with 24 h after and before the ECC with 2 
min computer work only.  
The increased VAS 24 h after the ECC may indicate some typical structural chang-
es in the muscle or connective tissue as similar levels of VAS have been reported by 
[26] using a very similar ECC protocol with somewhat lower exercise intensity com-
pared to our protocol. Despite significant sensory-motor changes in presence of 
DOMS, previous studies, in line with our results, have also not found a significant 
change in the exerted force during MVC trials [27]. 
Our results are in accordance to [28] as no alteration in the NIRS parameters in 
presence of DOMS was observed. However, as opposed to Walsh et al. (2001) [28], 
who have investigated the effect of DOMS on muscle oxygenation in vastus lateralis, 
we focused our study on oxygenation kinetics in the trapezius muscle. It is expected 
that ECC may damage slow twitch muscle fibers to a lesser extent compared with fast 
twitch fibers [29] and type II fibers constitute the major part of vastus lateralis in 
males [30], whereas the trapezius has a larger proportion of type I fibers [31]. 
In this study, DOMS did not seem to have an effect on the TSI parameters at rest 
which might be due to a different acute immunological response to DOMS compared 
with the conditions of chronic MSD [16]. Ahmadi et al. (2008) [12] have reported TSI 
levels at rest and during isometric contractions of the knee extensors before and after 
exercise induced muscle damage. Similar to our findings, they have not reported any 
changes in TSI at rest across the experimental stages. However, in contrast to our 
study, they reported faster oxygenation kinetics in presence of DOMS. Apart from a 
different site of recording and constant level of force across the experimental stages 
(discussed below), the subjects in Ahmadi et al. (2008) [12] were relatively sedentary, 
and the ECC protocol may therefore have had a larger impact on the muscle tissue in 
their participants. Interestingly, the subjects in Walsh et al. (2001) [28] consisted of 
recreationally active individuals, similar to our subject group, and they reported no 
changes in TSI parameters in presence of DOMS. 
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The reduced drop and recovery in TSI and their corresponding slopes immediately 
after the ECC is partly explained by the reduced level of exerted force during MVC 
trials [24]. However, eccentric exercise has been suggested to impair oxygen extrac-
tion and reduce microvascular function [32], which may also contribute to altered 
kinetics of muscle oxygenation in our study. Ahmadi et al. (2008) [12] kept a constant 
submaximal force level across the experimental stages, which may affect the reliabil-
ity of the NIRS parameters at lower relative force levels [23]. Particularly, the NIRS 
parameters have been recommended to be assessed at maximal force level in clinical 
applications [33]. Therefore, the MVC trials constitute a crucial part of the experi-
mental design enabling the assessment of the effect of computer work on tissue oxy-
genation kinetics with and without presence of DOMS. 
The TSI level prior to the MVC trials was greater after the computer work com-
pared with TSI level prior to the MVC trials before the computer work. This is proba-
bly due to increased muscle perfusion which is low at rest but gradually increases 
with exercise intensity [34]. As the muscle contraction level during the computer 
work is quite low, below 10% of maximum capacity [35], the intramuscular pressure 
cannot disturb the blood flow [17]. However, the drop in TSI was greater after the 
computer work, suggesting that short term computer work elevates the oxygen con-
sumption in the trapezius muscle during the MVC trials. 
In contrast to our hypothesis the duration of computer work did not result in signif-
icant changes in the TSI parameter. However, TSI drop was lower immediately after 
the ECC compared with 24 h after and before the ECC only with 2 min computer 
work. This may suggest that the abovementioned increased oxygen consumption after 
computer work may be intensified with the accumulated effect of 5 min computer 
work. 
The subjects’ performance during computer work increased across the experi-
mental stages, which may be due to a learning effect. However, in a similar experi-
mental setup, the performance did not change significantly when comparing computer 
work performance under experimental pain condition and baseline on the same day 
[36]. Along the timeline of our experiment, the subjects may have been mentally mo-
tivated to supersede their previous performance. 
We conclude that despite the lack of DOMS effect on the TSI parameters, short 
time low intensity repetitive work such as computer work can affect the kinetics of 
muscle tissue oxygenation. Notably, the changes in oxygenation kinetics appear im-
mediately after ECC and not 24 h post-exercise. This may suggest that these changes 
are due to the exercise bout itself and not due to structural changes in muscle tissue 
after eccentric exercise. Further, studies are warranted to specifically investigate the 
interaction of DOMS and prolonged low load repetitive tasks. 
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